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S w u A m .  . :  
. .  . .  . 

The l / lOth- rca le  m'odel Centaur base hea t ing  program war 
. .  

. .  

. .  

conducted at 
' A  Cornel1 Aeronaut ica l  Laboratory,  (CAL) t o  determine the  hea t ing  e f f e a t o  

of t h e  reverne flow f i e l d  on componenta i n  tbe ba re  region. Tho 
. I reverne flow i r  due t o  main engine exhaust  j e t  interference a t  high 

a l t i t u d e .  A l s o ,  t h e  reverne f l o w  gar expand8 t o  temperature. b e l e r  
t h e  f r e e z i n g  po in t  of water  so t h a t  ice p a r t i c l e r  could caure "rand 
b l a r t i n g "  of componentr in t h e  bare  region. Tbe r e r u l t r  of t he  bare 

heating program were ilsd t o  determine i f  sdrqaatc tnsnlet iaa i n  provided 
on t h e  temperature r e n r i t i v e  coaponentr i n  the bare regiom. 

The t e a t s  were conducted i n  a high a l t i t u d e  chamber u r ing  r h o r t  du ra t ioa  

t c r t i a g  techniquer.  

of t h e  program war t o  r tudy the  convect ive h e a t i n g ' r a t e r  in the r eve r ro  

. f low f i e l d ,  t o  a t tempt  t o  mearare i c e  p a r t i c l e  formatioa in the  reverso 

A l / lOth-rcale model r imula t ing  the  a f t  p o r t i o n  

' . . . of t h e  Centaur  veh ic l e  from s t a t i o n  412 rearward war wed.  The rcope 

. .  f low f i e l d ,  and t o  determine r c a l i n g  parameterr t o  be a r e d  i n  applying 

t h e  mearured h e a t  rater t o  t h e  full-oca10 rehielo. -- 

The h e a t  f l u x  rurrey t e a t s  were made a t  a r imu1a tcd . a l t i t ade  of 

, 360,000 f e e t .  The d a t a  from one run a t  450,000 f e e t  war w e d  t o  de- . . 
temine the h e a t  f l u x  v a r i a t i o n  wi th  a l t i t a d ~ . '  

: -  
. .  

- S i n c e  t h e  mire of t h e  r c a l d m a d e l  ha. rome e f f e c t  on t he  r e m r a d  

. f low f i e l d  due t o  v a r i a t i o n  i n  Beynoldr number with model r i z e ,  the 

Beyaoldr number war v a r l e d  by dhanging t h e  chamber prerrun. . .  

The i n r t r n a e n t a t i o n  ured i n - t h e  s u r r e y  of t he  h e a t  f l ux  i n  tho reverie 
- -  f low f i e l d  w a r  mounted on rodr  ef d i f f e r e n t  r i z e r  t o  provide raaline 

- .  _- - . . . - 
ri 

I m 



. .  
in format ion  in applying t h e  test data  t o  t h e  f u l l  scale componentm. 
Ex t rapo la t ion  of t he  scale model data is poss ib l e  by c o r r e l a t i o n  on tho  
bae i8  of t he  flow regime obtained f o r  t he  a t t a i n e d  t e s t  conditi;oru, 

' The r e s u l t s  of t h e  t e a t s ,  where chamber p re s su re  w a s  var ied ,  along . 

Although s c a l i n g  effect .  would 

* . a *  

: < 2 :  

I .  

: wi th  informat ion  from Reference 4, i nd ica t ed  t h a t  s c a l i n g  effect .  
on t h e  r eve r se  flow f i e l d  were small. 

. cause a r educ t ion  in t h e  measured h e a t  f lux ,  t h e  a c t u a l  f l u x  would bo . .  
I *  

reduced by cool ing  effects of t h e  LOX boost pump tu rb ine  exhaust which 
w a 8  no t  included i n  t h e  test .  A h a ,  t h e  r e s u l t 8  o f ' t h e  test at 

- 450,060 feet ,  the a i t f t u d e  a t  wMch Centaur main engine star t  O C C U ~ ,  

show8 t h a t  t h e  measured rates af 360,000 feet  are high by a f a c t o r  of 
1.25. 

. I  

- 4  . . .  

Tberefore,' t h e  measured heat f l u x  can  be a p p l i e d  directly t o  . .. 

t h e  f u l l  a c a l e  veh ic l e  a l though they may be 81 lgh t ly  conservati-. -. 

"he r e s u l t s  of t he  tests show t h a t  t h e  reverse  flow f i e l d  is In t he  

' Heat f l u x  t o  components in t h i s  region would range from a maximum ol 
0.6 Btu/ft2-sec nea res t  t h e  nozzle e x i t  t o  less t h a n  0.2 . B t u / f t  8ec 

at .  t h e  ba8e. The m a x i m u m  hea t  rate at .tho baae occur. on t h o  X - u i m .  

. .  

s l i p  flow regiae and approaches the free molecular  regime a t  t h e  ba8o. . . .  
, 

2 1 -  

. 

. #.. . ' 

center.  Tho heat flux drop. oil . r  

. .  
, .  

. .  

. '  1 
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INTBODUCTION 
. ., 

I 

l / lOth-rcale  model Centaur base hea t ing  program was i n i t i a t e d  t o  

determine if t he  var iour  componentr i n  the veh ic l e  base region would 
be r u b j e c t  t o  over heat ing.  
base.  reg ion  due t o  main engine j e t  i n t e r f e renco ,  in add i t ion  t o  radia- 
t i o n  e f f e c t r ,  might caure overheating a f  rome of tho tamperataro- 
r e n r i t i v e  componentr. 

. pr imar i ly  of ra ter  vapor, w i l l  expand t o  temperaturer below t h e  f r e o r -  
in( p a i n t  of rateri ice p a r t i c l e a  e o d d  be i o r a t d  i n  the flow f i e l d .  
These p a r t i c l e s  would be acce le ra t ed  toward tho  bar. of tho r e h i c l o  br 
t h e  reverse flow and, i f  they grow t o  s u f f i c i e n t  rim, w i l l  caur0 

e r o r i o a  and h e r t i n g  upon impnot. 

Tho s tudy  war conducted by Cornel1 Aeronaut ical  Laboratory, uring 8 

s h o r t  du ra t ion  t e s t  technique developed by the  ' l abota tory  f o r  bar0 
h e a t i n g  s t u d i e r  of t h e  c l u s t e r e d  conf igura t ion  f o r  tho Sa turn  rpaoo 

. 

It w a r . f e l t  t h a t  reverre flow in t h o  

, . - 
: . -. Alro, s inco t h e  j e t  exhaurt ,  which c o n s i s t r  
I .  

* 

. 

" 

.. 

, -. - 
I 

2 

. launch vehic ie .  1 .  I 

\ 
. The scope of t h e  l / lOth-scaie  aodei  progra  =a I )  ?e s t d y  the con- 

vective hea t ing  ratee t o  t h e  Centaur s f t  bulkhead and t o ' v a r i o u r  eo=- 

ponentr  mounted in t he  a f t  region; .2) t o  at tempt  t o  measure ieo 
p a r t i c l e  formation in t h e  r eve r re . f low f i e l d ;  and 3) t o  determino 
r c a l i n g  parameter. t o  be ured in applying t h e  mar t r red .he8t  rat08 t o  ' 

. .  
-- t h e  f u l l - r c a l e  r eh ic lo .  

i '  

. *  During t he  planning r t a g e r  of the  bare hea t ing  s tudy program, con- 

plane t o  a r t a t i o n  a f t  of t h e  412 ring, leatine an 'extended r k i r t  on 

I .  

8 i d e r a t i o n  war being given t o  changing the  Atlar-Centaur  r epa ra t ion  

! 

, .  

. .  
. . .  . .  

..) ,' 
, .  

I . 1 .  
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. DISCUSSION 

.. . 

F a c i l i t y  and Equipment: The l / lOth-scale model r i a u l a t e d  the  a f t  

po r t ion  of Centaur from s t a t i o n  412 rearward. 

conr io t ed  of two an jacke ted  40:l expansion r a t i o n  nOccle8 and tho ' 

Centaur  a f t  bulkhead with only the  added equipment and protuberancer  
which would have a major  e f f e c t  on the  reverse  flow f i e l d .  The added 

. equipment, which were removed f o r  t h o r e  t r ~ i t i  requ-iring a c l e a r  bar., 
were the  'helium r to rage  b o t t l e r ,  t h e  hydrogen peroxide b o t t l e r ,  and 

t h e  boos t  pump rump. 
S degreer  i n  the yaw# p i t ch ,  fr rt l l  ~ e r f t t t i i e .  

- .  
The model b a r i c a l l y  

, t .  

The engine a o t c l e a  were capble  of being gimbalod 

. One component which ray hare  a mearurable inf luence  on the  h e a t  t r a n r f o r  

. rate t o  the  bas t  b u t  war n o t  included i n  the  model r t u d i e r  i s  the  LOX 

b o o r t  pump turb ine  exhaunt. 
r imnla ted  i n  the re  r h o r t  dura t ion  ter t r  without  ex tenr ive  developmoat 

This B202 exhaust  rye ten  could aot.bo 

. .  
work which war berand the  rcope of t h i r  program. 

f 

The comburtor used t o  supply t h e  5 t o  1 hydrogen-oxygen r e a c t i o n  pro- 

d u c t r  t o  the  n o t r l e s  war a eonrtant-prerpure type developed by 
Cornel1 Aeronaut ical  Laboratory (CAL) p r i o r  t o .  t h e  Centaur bare  hea t ing  

I .  

- 1  . 

C '  .. . . .todye 
- .  

, , '. 

- _  
\ The tests were conducted i n  the 8 It diameter, 25 it long a l t i t n d o  . 

chamber a t  CAL. The t e a t  f a c i l i t y  and equipment are deocribed i n  . .  
. . Beferenco 1. 

INSTRWENTA'ION Thin fi1m.he.t t r a n s f e r  gager developed a t  CAL and 
desc r ibed  in Reference 2 were used in mearuring t h e  h e a t  flux t o  tho 

baae and t o  object. i n  the  rever re  flow f i e ld .  Wino gagem wero 
I .  

I .. . - . 
0 ,I - . e :  

-- -. 

1 - . -  
. a  

4 

' .  
. I -  . 

I .  
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. .  mounted on the  base, ar rhown i n  Figure 1. Two of t h e r o  a t  t h e  c e n t o r  
1 '  . . .  . of t h e  model were removed when t h e  boos t  pump rump w a r  mountod. 

Nine o t h e r  gager were aounted on a movable r ake  which could be por i t ionoi l  

in t h e  region between the  no tz l e r  when t he  LOX rump and r t o r a g e  b o t t l e r  
were removed. 
1/2 inch diameter rite.. 
mounted on each rod. The rake could be moved p a r a l l e l  t o  dr r o t a t e d  

about  the model a x i r  80 t h a t  heat rater t o  t h e  d i f f e r e n t  diameter  r o d r  
could bo compared. The rako i r  @horn in Figure  R e  

. . 
. ,  

The rake conrniated of t h r e e  pyre. rod8 of 110. 1/4 and 

Three t h i n  f i l m  h e a t  t r a n s f e r  gager w o r 0  
A- - 

.. 

* 

The80 gager meaaure t o t a l  h e a t  f l ux ,  convect ive plum r a d i a t i o n  heating. 
. .- _- 

An at tempt  warn made t o  mearure the r a d i a t i o n  h e a t  f l u x  urnin6 a quarts 
window placed over the  f i l m  hea t  t r a n s f e r  gager. 

ou t  the  convective h e a t  b u t  could al low r a d i a t i o n  f l u x  t o  reach the ' 

gage. However, q u a r t z  w i l l  transmit only a amall percentago of t o t 8 1  
block body r a d i a t i o n  in t h e  low temperature range which comprirer t h o  
major p o r t i o n  of t h e  expanded exhauat plume. Therefore,  a l though the 

gages i n d i c a t e d  n e g l i g i b l e  r a d i a t i o n  h e a t  f l u x  a t  t h e  base, t h e  actual 
f l u x  may have been a t  a romcwbat h igbe r  mqarurablo value. 

-. The window blocke'd 

, .  

I .  _. 

TEST RESULTS 
from which h e a t i n g  r a t e r  t o  var ious wirer ,  t ube r ,  and o t h e r  equipment . . 

The d i f f e r e n t  rod r i t e r  were used t o  y i e l d  information 

\ i n  t he  base region could be determined, based. on the  baae reg ion  
.flow conf igura t ion  p e r t a i n i n g  t o  t he  l / lOth-scale aodel. 

of t h i o  hea t ing  ra te  information t o  f u l l - s c a l e  equipment dimenrionr i r  * 

p o s r i b l e  by c o r r e l a t i n g  t h e  r c a l e  model d a t a  on the.barnlr of t h o  f low 
regime obtaiLred f o r  t he  a t t a i n e d  model t e s t  conditions.  If t h o  flow 
i r  continuous of a tu rbu len t  nature,  t h e  h e a t  f l u x  w i l l  scale a0 tho 
-0.2 power of t h e  diameter. 

would real. ar t h e  -0.5 power of t h e  diameter. 

%hero would bo no rod diameter dependenao. 

Ext rapola t ion  , -  

' 

For continuour l a a i n a r  flow, t h e  heat flax 
F o r  f r e o  molear la r  flow, 

, - .  .- 2___ - -- -._> - ---. 
8 . I  

L.. ̂. . 
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. I  
BOTeVer, complete knowledge of t he  dependence of base  r eg ion  flow OD 

model r c a l e  f a c t o r  w a n  not  provided by t h e  t e s t  program.. The r a i n  

engine exhaus t  b a c k f l o r  may be inf luenced  by engine exhaus t  gar 

v i r c o s i t y  e f f e c t r ,  s ince  the  reverse  f low c o n r i r f r  of exhaur t  PI-0 

" f r inge"  'gar which ham been boundary l a y e r  f low w i t h i n  the n o s d e o .  
' The.nozs le  boundary l a y e r  th icknesr  i m  a f u n c t i o n  of the flow Beyaoldo 

* ,  . . -  

. .  , .  

number, which i o  propor t iona l  f e  model iuale. 
.. . . 

. . . _ . ,  
. ,  
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preasure v a r i e s  almost d i r e c t l y  a s  t h e  chamber p r e s s u r e  even in t a r t .  

with cons tan t  ambient pressure .  

Aha, heat  rate probe. i n  tho  
eame l o c a t i o n  i n  these  S-IV tests show t h a t  t h e  heat t r a n s f e r  rate 
va r i ed  as the  1.4 power of t h e  base pressure .  

I \  
$ .  , - This w a s  e s p e c i a l l y  t r u e  in t h e  

. lower pressure  reg ions  of t he  baee. i .  
I 
I :  

Although the S-IV t e 8 k  
* were run a t  a much h igher  anbient  p r e s s u r e  than t h e  Centaur temt8, from 

these  da t a  it may be concluded t h a t  t h e  hea t  t r a n s f e r  rate i 8  a f f e c t e d  

. .  
I - >  

1 

.. 
1 '  by only a s m a l l  f a a t o r  due t o  rrcaling. 
, * ,  .. <-. .. . , 

I The rates measured in t he  Centaur l f l 0 t h - s c a l e  t es t  are conservat ivo 
i :.:: 
I .  i n  t'bt they x c n  cenducted at a lower R inu ia t rd  a l t i t u d e  than a c t u a l  

I 
- 1  

- 1  
*. . 
1 .  . 

j I  

f l i g h t .  The t e s t s  were conducted a t  a a imula ted  a l t i t u d e  of. 
whereas a c t u a l  Centaur engine f i r i n g  occuro 

a t  450,000 ft. (0.006 )I of Eg). .Figure 4 shows t h e  hea t  f l u x  variation 

I .  

~ 360,000 It. (0.038 )I of 
' 

' 

* r i t h  a l t i t u d e .  These tests were made with t h e  rake 4.2 incherr fonard 
of the nozzle  e x i t  plane r i t h  the var ioue hea t  t r a n s f e r  gages in t h e  

- _ _  

Pore, t h e  te6t da ta  a t  360,000 f t .  is an average f a c t o r  of  i.35 times 

Beat rate is probably due t o  blanketing of t h e  barre w i t h  t h e  c o o l e r  
meeondary e x h a w t  gases  and rill probably apply  t o  the  Centaur vehicle.  . . ,  
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- - .  

. ,  
. Therefore ,  it can be assumed t h a t  any s c a l e  f a c t o r  a f f e c t i n g  the  heat 

f o r  by the  inc rea red  a l t i t u d e  and t h e  t u r b i n e  exhaust  gar  eff-out. 

, 
' .  ' t r a n r f e r  r a t e  due t o  noss lo  boundary l a y e r  r a a l i n g  w i l l ,  be aompenrated 

. .  , ,  Therefore,  no s c a l i n g  f a c t o r  need by app l i ed ,  o t h e r  than t h a t  of oquip- 
r e n t  dimcnrions, as obtainod from t h e  rake d a t a  and expla ined  in tho 

I 

. .  
e ' fol lowing paragraph.. . .. 

A l l  t e r t r  made t o  d e t e r d p e  t h e  h e a t  f l u x  p r o f i l e  a t  t h e  base and i n  tha 
r e r e r r e  flow f i e l d  were made with a chamber p re r su ro  of. '300 p r i a  and a8 
ambient preruiire +f 0.038>'*1 HI. I 

I 

The rake rurvey t e s t s  i n  the  revers. flow f i e l d  were made with tho  ' I  
engines  i n  a n u l l  gimbal .posi t ion.  The bhlk of t h e  t es t r  were nado t o  

fi.nd the  h e a t  t r a n s f e r  rate v a r i a t i o n  with rod r i t e  and t o  f i n d  tho  
change of h e a t  r a t e  a long  t h e  a x i s  of t h e  model between t h e  base and , 

t h e  nozzle e x i t  plane.  
c e n t e r  l i n e  of the  model, a t  3/4 i nch  from c e n t e r  on the  Y-axis, a t  
1-3f8 inches from c e n t e r  on t h e  X-axis, and a t  the  X-Y coordinate# 
(1-3/8ae 3/4") on t h e  model. Maa.urementr were made a t  t h r e e  d i f f e n n t  

p o s i t i o n s  from the  nosz le  e x i t  plane,  a8 shown i n  Figure 2. Figure. 
6 through 8 show t h e  measured hea t  rate. a.t the va r iou r  p o r i t i o n r  in 
the reweroe flow f i e l d .  

The h e a t  f l u x  t o  t h e  1/8-inch rod a t  t h e  c e n t e r  l i n e  of the  model 
(Figure 6) v a r i e s  from 1.16 Btu/ft2 reo a t  3.6. incher  from the  nosslo 

. 0xiC plane t o  0.65 Btu/f%* aeu a t  4.8 incher.  The f l u x  t o  tho l /23neh 
l o s e r ,  vary ing  from 0.8 t o  0.6 Btu/ftg meu over  tho ma80 ~a-00 

' 

The h e a t  t r a n s f e r  ra tes  were measured a t  tho 
. 

I 

- 
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, 
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. A t  3/4 inch from c e n t e r  on the  Y-axis, t h e  h e a t  f l u x  t o  a l l  t h ree  rod0 
was almost  c o n s t a n t  over t h e  range, 3.6 inches t o  4.8 inches from tho  

n o t s l e  e x i t .  This  h e a t  f l u x  as shown in Figure 6, i r  approximatoly . . .  

- 

2 . -  
' 0.4 E t u l f t  aee. 

. .  
. A t  1-3/8 inches  from center  on the  X-axis, t he  h e a t  f l u x  v a r i e d  from 

1.08 t o  0.68 Btu / f t  r e c  t o  the  l /&inch rod, and from 0.80 . .  t o  0.67 
Etu / f t  .s&e t o  t he  1/2-inch rod. 

I h e  scat ter  in the  d a t a ,  in portfedar  tht t x ? r s ~ e l y  I a r  point. .horn 
in Figures 5 through 8, i a  due t o  e l e c t r i c a l  f a u l t  i n  t h e  i n e t r u e n t a t l o ~ .  
Theae p o i n t s  were neglec ted  i n  t h e  a n a l y r i r  of t h e  data. 

The h e a t  t r a n r f e r  r a t e s  a t  t h e  X-Y coord ina te8  (1-3/8", 3/4") rho r  
more scat ter  than a t  the  o t h e r  p o s i t i o n s  on the  rake. 

probably be c r e d i t e d  t o  the  .fact  t h a t  t h i s  p o s i t i o n  is i n  t h e  high Mach 
number, l o w  dens i ty  reg ion  of the reverse flow f i e l d  wherethe r a t e r  of 
change of v e l o c i t y  and d e n s i t y  are very  high. In t h i s  region,  t h e  flow 
approaches the  f r e e  molecular  regime where the  h e a t  f r a n s f e r  r a t e .  i o  

* propore iona l  t o P V 2 ,  where P io t h e  d e n s i t y  of the  approaching gar  : 
s t ream and V is  the  v e l o c i t y  of approach. 

l o r  i n  t h i r  region,  small v a r i a t i o n s  i n  the v e l o c i t y  of the flow f i e l d  . 

2 1 .  

2 

- . . I  .I 

- -. 

This can 

I 

Since t h e  h e a t  f l u x  is qui- , 

., 1 
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Nu (Bo)' (2) 

where Nu i r  the Nurreld number and Be i m  Reynoldr number. The rerult 
1. * .  

--s hD ( PM)m ' (3) 
i/cI k 

who ro 

---I h 
D I rod diameter 

1' f i l m  heat ttanafer eoe#if+i+at . .  

.- . k = themel  aonductirity of the ?@d' 
/o = gam denmity 

- 
L 

/Y - 'gam rircority . ,  '0 . __. 
- 4  

~I 
'&e heat  f lax  cam be writteP;u;r . G:: 

4  AT or 4 - h  (4) 

h @)OD (6) 

n -1-• (6) 

. .  
- mea, from equatien (1) i 

. ./ 

. . .  8nd from equation (3) 

Therefore, a t  the center l i n e  of  the  model, a t  Station 3, N,,,Bo 9:'s 

and a t  Stat ion 1, No 
m varier from 8.775 t o  0,815. A t  1-3/8 iachem from center oa tho X-' 
a x i s  m i r  nearly eonrtant a t0 .89 .  

A t  314 incher from center on the T-axim 
. 

.. . I 

. a  . -  
. I .  

. I '  

_. .-.I . 
~- a- 
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Eefcrence 7 rhowr t h a t  with valuer  of m i n  t h i s  range, the revere. 
flow i r  probably i n  the  s l i p  regime between continuum laminar and free 
molecular.  

80 t h e  es t imated  p re r su re  a t  the  center  l i n e  i n  t h e  reverre flow f i e l d  
i r  nea r  100 microns of Hg a t  S t a t i o n  3 and approache. 10 r i e r o n r  of HI 

For r l i p  flow, the  Knudren number i r  approximately 0.1, 
. 

b t  t h e  bare. . .  

The equipment mounted in the  base region of C e n t a u r . i r  l oca t ed  forward 

of S t a t i o n  1. Therefore ,  rz0.8 would apply i n  r c a l i n g  the  h e a t  f l u x .  
f o  t a r i o u r  s i r e  wirer and equipment en Cmfaur. - 

To g e t  a more complete p r o f i l e  of t he  h e a t  f l u x  i n  t h e  reve-rre flow 

. , .. . .  

. .  
, . . .  
I .  

- .  

. .  . .  
. .  

f i e l d ,  t h e  rake war r o t a t e d  90. from t h e  p o s i t i o n  where the  above d a t a  
. were mearured. The gage loca t ions  f o r  the rake i n  both p o r i t i o n r  ir :o 

shorn  i n  Figure 11. 
shown i n  Figure 2 with the  rake i n  t h e  90. por i t i on .  .By i n t e r p o l a t i o n  
of a l l  t h e  rake da ta ,  t h e  hea t  f l u x  d i s t r i b u t i o n  a t  each of the t h r e e  

r t a t i o n s  was er t imated  am rhorn i n  Figures12 through 14. Alro, the 
h e a t  f l u x  p r o f i l e  a t  S t a t i b n  1 i n  shorn i n  Figure 16.. 

Tertr  were run a t  each of the t h r e e  r t a t i o a r  

. .  
. 

. - 
. 

4- . ,,’ The h e a t  f l u x  t o  the  base war mearured with the  enginer i n  a n u l l  
gimbal p o s i t i o n ,  a n  w e l l  as 3 degrees i n  yaw, p i t c h  and r o l l .  

t e s t  wi th  no gimbal l ing,  the  bare mas c l e a r e d  of the  LOX rump and 
r t o r a g e  rpheres. 

- r e n t  war included. 

. In on. -- 
L \ .  

In a l l  o t h e r  base h e a t  f l u x  t e s t a  t h i s  e x t r a  equip- 
The r’esult, of t he  t e r t r  are shown i n  Pigurdr  16 

. and 17. 
. Pmterpolated from t h e  va luer  mearared 30 degreer on each rid. of the 

The po in t8  shown t o  t h e  l e f t  of c e n t e r ‘ i n  Figure 16 were 
1 .  . 
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The hea t  f l u x  t o  s m a l l  compopents mounted on t he  a f t  bulkhead w i l l  bo ' 

comparable t o  t h a t  of t h e  a f t  heat s h i e l d  a t  s imilar  s u r f a c e  temper- 

a t u r e s .  

1 1 .  . .  
1 ' .  

I ,  

. Tubes, w i r e  bundles and any o the r  s m a l l  components a f t  of t h o  
I 
I base,  nea r  t he  X-axis of the  vehic le  w i l l  be s u b j e c t  t o  h igher  hea t  
I 
! 

* f l u x  t h a n  t h e  hea t  s h i e l d  s i n c e  t h e  flow f i e l d  in t hese  region6 is in . .  

measured a t  an e l t i t u d e  belor which the Centaur e t a g e  opcrateo.  Also, 

t h e  IX)X boost pump t u r b i n e  exhaust,  which may have some cool ing e f f e c t  

a t  t h e  base,  w a s  no t  included in t he  l / lOth-scale  test.. 

r .  

. / .  . .  
I \  

t h e  s l ip - f low regimo. 

The convect ive hea t  f l u x  va lues  measured in t h e  l / lOth-scale  model 

I No r a d i a t i o n  h e a t  fltix information w a s  obtained from thi8 t e s t  program. . 

The r a d i a n t  f l u x  t o  components i n  the  a f t  reg ion  has  been es t imated  
from l /4Oth-scale  t e s t s  and A t l a s  f l i g h t  da ta .  However, t h i s  ram a 
crude  estimate and may be In error. 

I 

Therefore ,  both t o t a l  and convective hea t  t r a n s f e r  ca lo r ime te r s  should  

be i n s t a l l e d  on t h e  Centaur R&D veh ic l e s  t o  prov ide .da t a  r i t b  =hfct 
t h e  C U  l / lOth-scale  model test information may be c o r r e l a t e d ,  a8 w e l l  
a8 provide d i r e c t  information,  inc luding  r a d i a t i o n  .data r e l a t i v e  t o  

e- . 

1 -4 

.She a c t u a l  f l i g h t  environment. 
. 

. .  . . : 

. .  

. .  - .. , .  . 
. ' .  

. .  . .  - .  
' . _ .  

. .  
i 
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3od  Dinmeter, inches :FIGURE 9 
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